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I Introduction 
   The author has been interested in the development of landscape under the in-
fluence of the wind, and concentrated his observation to two problems. One is the 
deformation of crowns of coniferous trees (Photo.  1), generally seen in the subalpine 
zone of the Ohu Mountains, and the other is the growing direction of creeping pines 
(Photo. 2), representative species in the alpine zone, which are creeping by nature 
on the ground.
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 Photo.  1  A  deformed fir  in  Zan  region 
 Photo. 2  Creeping pines  on the  southea,st  slope of  Mt.  I\vate 
 [ e est rt, en he  branches  of deformed  coniferous  trees extend 
 qually in all directions. It is explained by  many  investigators that it is 
 )y e ow ver  rotecti()n in  winter.  D.B.Lawrence  explained the 
y metry f e rown  in  the case of  Douglas-firs  (Psettiotsuga  Douglassi)
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in the Columbia Gorge in the United States. C. Troll summarized Lawrence's  in-
vestigation that there are two types of deformed Douglas-firs  ; in one type, the trees 
are damaged and pruned by ice coating in winter, the foliage is only able to grow on 
the west side, and the other, all branches are bent eastward by the continual summer 
wind. But so far as the author has observed in this country, it is  difficult to disting-
uish these two types clearly, and in most cases both types of deformation were to 
be seen in the same trees.  Consequently it is doubtful whether Lawrence's  ex-
planation is applicable in the Ohu Mountains or not. 
   The growing direction of a creeping pine has never been investigated from the 
climatological point of view. 
   In the survey of the climatic landscape, it is a fundamental problem whether 
the adopted phenomenon can be an indicator of a certain climatic element or not. 
In other words, it is necessary to examine sufficiently the cause and process of the 
modification done to the  landscape. There may be two approaches to solve the 
problem of this plant landscape studied here, one is to give the plant-physiological 
explanation through the experimentation or the observation, the other is to 
analogize the cause from the comparison of meteorological data observed in many 
places. 
   The author takes the latter approach to elucidate climatic meaning of the 
deformed coniferous trees and the creeping pines. As the fundamental study for 
it, he  surveyed the distribution of directions of the deformation of the crowns and of 
the growth of creeping pines in several parts of the Ohu Mountains, and compared 
it with the wind data. Some problems derived from the survey are also discussed 
here.
II Method and region of the survey  - 
   The trees are most strongly deformed at the mountain ridges and the mountain 
tops, and also the creeping pines (Pinus  pumila) are located mainly near the top 
and ridge. Therefore, to put the directions on the maps, it is effective to survey 
them along the ridges. In the field survey, the direction of the branches of the 
deformed trees and the growing direction of the creeping pines are measured with 
a clinometer. Arrows in Fig. 1—Fig. 3 indicate the average and representative 
directions. 
   The regions urveyed are the highest parts of the Ohu Mountains which geologi-
cally consist of andesite and volcanic debris. In Iwatesan-Hachimantai region 
(Fig. 1), the northernmost part, Hachimantai has a broad mountain body about 
1600 meters above sea-level. Yakeyama (1366 meters high) is isolated to the west of 
it. Mt. Iwate occupies the southeastern corner of the region and is a sharp volcanic
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cone 2050 meters high. From Hachimantai a mountain range of about  1300-1600 
meters runs southwards and turned towards east half-way to Mt. Iwate. Most 
part of the region is covered with firs (Abies Mariesii), and creeping pines are also 
distributed near the tops and ridges. But on Mt. Iwate which suffered the recent 
volcanic activity, trees are scarce around the top, and on the east slope creeping 
pines predominate instead of firs. 
   In Zao region (Fig. 2), located the middle, the main range of about 1600-1800 
meters above sea-level runs from NNW to SSE. The great portion above about 
1400 meters is also covered with firs  (Abies Mariesii). But trees are missing around 
Okama, the crater lake, and on the southern slope near the top of Fubosan. The 
vegetation is recovering in the area near Myogoho, Sainokawara nd southern 
slope of Fubosan, where pines (Pinus  parinflora) prevail now. 
   The northern large portion of the  Azuma-Adatara-Bandai region (Fig. 3) to the 
south, is occupied by Mt. Azuma. Its main ridge about  1700-2000 meters high 
is rolling gently east to west, and from it are divided  Naka-Azuma range from the 
center, Higashi-Azuma range from the eastern edge of the main ridge running 
southwards. To the south of Higashi-Azuma range continues Mt. Adatara. Its 
main range faces north and south at an elevation of about  1300-1700 meters above 
 sea-level. To the west of Mt. Adatara, Mt. Bandai forms an isolated body of 1819 
meters in hight. Both Mt. Adatara and Mt. Bandai have recent explosion craters. 
Above about 1400 meters of Mt. Azuma a dense coniferous forest is formed, where 
firs (Abies Mariesii etc.) are  predominant. As Mt. Adatara and Mt. Bandai recently 
made volcanic eruptions, the areas around their explosion craters are treeless. But 
further from the craters the vegetation is in the process of restoration, where pines 
(Pinus  parviflora) grow above about 1100 meters. 
III Deformed crowns of coniferous trees 
A) Distribution of directions of deformation 
   In Iwatesan-Hachimantai region deformed crowns of coniferous trees generally 
point to E  -NE. In Yakeyama and Hachimantai, majority of crowns face to 
NE. Most crowns are directed to ENE or to E on the range between Hachimantai 
and  Mitsuishiyama. On the range which extends west to east between Mitsuishiyama 
and Mt. Iwate deformation is generally indistinct. Crowns in the direction of E 
are prevailing in whole Zao region. But on the winding range between Sugigamine 
and Minami-Byobudake direction varies from NE to SE. In  Azuma-Adatara-Bandai 
region, most crowns are facing to NE in the main ridge of Mt. Azuma extending 
almost east to west. While in Higashi-Azuma nd Adatara areas where the ranges 
run north to south, and in Mt. Bandai, the majority of crowns are facing to E.
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     Fig. 2 Distribution of the directions in Zao region 
 ---÷ Direction of deformation of coniferous trees 
 ---. Growing direction of creeping pines 
          Zz: Zizodake Km: Kumanodake Mg: Myogoho Ok: Okama 
           Si: Sainokawara Sg: Sugigamine MB:  Minami-Byobudake Fb: Fubosan 
   Considering the above mentioned directions in their relation with the 
topography, it seems that the directions of crowns are affected by the directions of 
the ranges throughout these three regions. Crowns facing to E are prevailing on 
north to south ranges. While on east to west ranges crowns in the direction of NE 
are predominant, and on the winding ranges the direction of crowns is at right angle 
with the direction of ranges. There are two exceptions of this rule , one is the area 
between Myogoho and Kumanodake in  Zao region, where seemingly is on the 
leeside of west winter monsoon, and the other is the range between Mitsuishiyama 
and Mt. Iwate where the deformation is not clear. 
   There is a correlation between the land inclination and the crown deformation . 
Crowns on the flat land are deformed more clearly than those on the steep slope. 
This fact is remarkable particularly in Mt. Azuma. On the two flat places to the 
north and to the south of the top of Higashi—Azuma crowns are deformed clearly , 
but crowns on the steep slope between the top and these two flat places all the
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trees have normal crowns. The similar phenomenon is seen in the western part of 
Mt. Azuma. On the western slope of Mt. Iwate, some trees are deformed on both 
sides of the dissecting valley though most trees have normal figures. Directions 
of the deformation are entirely at random and some of them are almost 
opposite within the distance of only 10 meters. These branches on steep valley wall 
point to the valley bottom, and it is obvious that the deformation is not concerned 
with the wind. The explanation must be sought in another way, for example, snow-
slide cutting  off the branches of one side. Thus the deformation of coniferous trees 
is the most obvious on the tops and ridges of mountains, and relatively clear on the 
flat land, in the mountains, that is, trees are little deformed on the steep slopes, then 
if the deformed trees are there, it must be explained from a different view-point. 
B) Species usceptible to the deformation 
   As stated above, the fir (Abies  Mariesii) has the widest distribution in these 
three regions, and the pine (Pinus  praviflora) follows it. Forms of crown deforma-
tion are different between these two species. The pine is deformed easily and 
makes an entirely one-sided crown like a flag. But the fir is somewhat resistible to 
the deformation and frequently the one-sided crown is not formed. Tsuga diversifolia 
in Zao region grows scantly under the fir, and is not deformed, but in Mt. Azuma it 
is deformed and looks like a flag . Crowns of Thuja  Standishi growing slightly in 
Mt. Azuma are entirely one-sided. These difference of the deformation forms 
does not mean the difference of wind velocity, for two or more species at the same 
point take different  forms. 
   The lower limit of the deformed coniferous tree along the surveying route is 
about 1300 meters above sea-level in Iwatesan-Hachimantai  region, 1000 meters in 
Zao region, 1400 meters in the main ridge of Mt. Azuma, and 1100 meters in Mt. 
Adatara and in Mt. Bandai. The lower limit goes down in Mt. Zao, Mt. Adatara and 
Mt. Bandai where the pines distribute. That is to say, the lower limit of the 
deformation is closely concerned with the species. 
   The variation range of deformationdirection at one point is also different among 
these species. The fir has wide range of  10-15° in general, but the pine and Thuja 
Standishi have less ranges, each tree having almost the same direction. Therefore 
the pine and Thuja Standishi are more useful than the fir as an indicator of land-
scape affected by the wind. 
   Then, deformation forms depend on the density of coniferous trees. When the 
growth is thick it is hard to be deformed, and only the tops of trees higher than 
surrounding trees are deformed. Thus the place with dotted coniferous trees is 
more convenient for the observation of directions.
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IV The growing direction of the creeping pines 
   It has been generally thought that the growing direction of a creeping pine is 
determined by the prevailing wind and the topography. But the relationship 
between the growing direction and the wind has not been examined. Where creep-
ing pines grow under upright trees, it is difficult to take an accurate measurement of 
the directions. Moreover, the relative difficulty of measurement depends on the 
location of creeping pines. On some steep slopes creeping pines seem to stand 
erectly. So that the value of the creeping pine as an indicator of the wind direc-
tion depends upon the  location. Also the variation range of growing directions 
among individuals at one point is generally wider than the deformation direc-
tion of coniferous trees. Therefore the creeping pine is slightly inferior to the 
deformed coniferous tree as an indicator of the wind. 
   The  deformed crown of a coniferous treeis concerned with the wind at the 
hight of about 1-10 meters above the ground, while the creeping pine with the wind 
near the ground surface. As the wind near the ground surface is more strongly 
influenced by the topography, here arises the question whether creeping pines must 
be treated on smaller-scale than deformed coniferous trees. To examine this 
problem the author surveyed the area between  Komokkoyama. nd Mitsuishiyama 
in Iwatesan-Hachimantai region, where creeping pines grow thickly, and found 
little difference of growing directions between the both sides of the ridge or between 
the top and the  slope. Therefore it seems right to treat the creeping pines equally 
with the  deformed trees in this regard. 
   Fig. 1 and Fig. 2 show the growing directions of creeping pines in Iwatesan-
Hachimantai region and in Zao region respectively. In Iwatesan-Hachimantai 
region, NE direction surpasses in the vicinity of Yakeyama and Hachimantai. On 
the range connecting Hachimantai and Mt. Iwate, most pines creep to E or ENE. 
E direction prevails on the eastern slope of Mt. Iwate. In Zao region, the majority 
of creeping pines stretch to E in the northern half of the area, while the direction 
varies on the winding range between Sugigamine and Fubosan in the southern part. 
   Thus the general distribution trend of growing directions of creeping pines is 
similar to that of deformed crowns. Only at Mokkodake and Ubakurayama in 
Iwatesan-Hachimantai region and at Zizodake and Fubosan in Zao region, there 
are some differences between these two directions, which is within 45°. 
V Climatological meaning of the directions of the deformation of coniferous 
trees and the growing directions of creeping pines 
   Meteorological records are obtained at two points, on the southeast slope of Mt.
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Iwate at 1770 meters above sea-level and at the top of Zizodake (1760 meters above 
sea-level) in Zao region. At the former point, the wind blows always from the 
west, influenced by the surrounding topography and coniferous trees are scarce, 
therefore the latter is selected to compare the two kinds of directions with that of 
prevailing wind. 
                        Jan. Apr. Jul. Oct. 
             Sendai   
 2km 
 Zizodake   
           Fig. 4 Winddirection diagram at Zizodake and above Sendai City 
 Table  1. Monthly average wind velocity at Zizodake and above 
                   Sendai City
Jan. Apr.
Zizodake 
Sendai 2 km
 16.4  m/sec 16.3
Jul.
1 1L2
Oct.
1
12.0
19.0  m/sec  I 
 1
14.4
~
I 8.3
1
9.5
   The wind data* at Zizodake for about hree years  (1944_1946**) shown in Fig. 4 
and Tab. 1 indicate that in winter the west wind predominates and in summer sou-
thwest wind prevails. At Sendai City*** the upper wind of 2 kilometers blows 
from the west or the  west-north-west throughout he year. Both at Zizodake and 
above Sendai City the maximum of monthly average velocity occurs in January and 
the minimum in July. The wind blows more  powerfully above Sendai City than at 
Zizodake in January, but in the other months it blows stronger at Zizodake. That 
is, the seasonal variation of wind velocity is smaller at Zizodake. 
   On Zizodake, firs and creeping pines grow. Crowns of these firs are deformed 
      * observed three times (6h, 14h, 22h) a day. 
      ** Observation  was ceased on October19, 1946. 
     *** The data in 1944-1946 are lacking, the data in 1959-1960, observed 4 or 5 times 
 a day, are used. The period and the years of the data observed at Zizodake are not the 
 same as above Sendai City, therefore direct comparison is impossible, but the generaltrend 
 may be grasped from these data.
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toward E or ENE. This deformation direction is similar to the blowing direc-
tion of the prevailing wind in  Janaury or in April. Most creeping pines grow to 
NE, so its direction is the same with the blowing direction of predominant wind in 
summer. Therefore, it is supposed that the deformed crown of a coniferous tree 
indicates the direction of prevailing winter wind, and the creeping pine signifies 
that of predominant wind in summer. 
VI Conclusion 
    From the above-mentioned supposition and the distribution maps are 
introduced the following results. In Iwatesan-Hachimantai region WSW or W 
winds predominate in winter, but in the vicinity of Yakeyama and Hachimantai 
SW wind blows as the divergence of the winter monsoon. The winter wind conver-
ges and diverges on a small scale on the slightly winding range between  Hachimantai 
and  Mitsuishiyama. On the west-east range from  Mitsuishiyarna to Mt. Iwate the 
winter wind is weeker, for coniferous trees are not much deformed there. In Zao 
region the west wind prevails generally in winter. But on the winding range be-
tween Sugigamine and Minami-Byobudake small-scale divergence and convergence 
take place. In Azuma-Adatara-Bandai region, SW wind predominates in winter 
on the main ridge of Mt. Azuma with E-W direction. Both on Mt. Adatara and Mt. 
Bandai the winter wind blows from the west. Thus the winter monsoon diverges on 
a large scale in this region. To sum up, winter monsoon blows generally from the 
west throughout hese three regions, and the direction of the ranges makes it 
diverge or converge. 
   The prevailing wind in summer blows almost the same as in winter. And the 
ranges play such an important part in summer as in winter. Fig. 4 shows that the 
seasonal variation of wind direction is small and the westerly wind is prevailing 
throughout he year, so it does not conflict that the predominant wind in summer 
blows over these parts of the Ohu Mountains the same way as in winter. Considering 
that creeping pines are protected under the snow cover in winter, while coniferous 
trees are exposed to the severe winter wind, above-mentioned assumption should 
be acceptable. To elucidate this problem it is the most effective to compare the 
directions of deformed coniferous trees and creeping pines with wind data at many 
points. 
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